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ABSTRACT

(57)

Deicing device for the leading edge of the air inlet cowl of
a jet engine. According to the invention, an injector (12)
whose task 1s to inject pressurized hot air into the leading
edge 1s connected to the pressurized hot air inlet by means

of a ball joint (22).

17 Claims, 7 Drawing Sheets
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DEICING DEVICE FOR A JET ENGINE AIR
INLET COWL

The present mvention relates to the deicing of air inlet
cowls of jet engines, especially aircraft engines.

It is known that, if need be (to prevent the formation of
ice or to remove ice that has already formed), the leading
edge of the air inlet cowl of such engines 1s deiced by
heating with pressurized hot air tapped from said engine and
conveyed to said leading edge by a pressurized hot air
circulation circuit.

To this end, such an air inlet cowl comprises:

a hollow leading edge delimiting an internal peripheral
chamber, closed by an internal partition (or frame) and
equipped with at least one orifice placing said internal
chamber 1n communication with the outside; and

a pipe which can be connected, at the rear end away from
said leading edge, to said pressurized hot air circulation
circuit and, at the front end toward the leading edge, to
an 1njector 1njecting said pressurized hot air 1nto said
internal chamber.

The known devices for providing the connection between
the 1njector and the pipe are generally of the piston or
stufling box type. However, given that the pressurized hot air
tapped from the engine and conveyed by said circuit 1s at a
high temperature, of the order of 400° C., it is necessary to
use special-purpose sealing products (high-temperature seal)
which entail:

the joint being, by nature, extremely stiff,

a system for controlling the compression of the seal, and

a bearing surface for said seal which has a specific surface
finish and a specific rigidity.

What this means 1s that these known connection devices

are cumbersome and complicated and that they require
costly special-purpose maintenance, entailing the provision

of an access hatch 1n the engine cowl and intervention
tooling which are specially reserved for maimtaining said
connection devices.

Furthermore, the rigidity of these connection devices
entails perfect alignment between the pipe and the 1njector
in order to avoid any risk of leaks. However, the thermal
expansions and structural flexing of the engine nacelle atfect
this alignment and give rise to stresses in the surrounding
structures.

The object of the present invention 1s to overcome these
drawbacks.

To this end, according to the invention, the connection
device that 1s airtight to pressurized hot air, for an air inlet
cowl of a jet engine, particularly for an aircraft, said air inlet
cowl being equipped with means for deicing its leading edge
and comprising for this purpose:

a hollow leading edge delimiting an internal peripheral
chamber closed by an internal partition and equipped
with at least one orifice placing said internal chamber
1In communication with the outside; and

a pipe which can be connected, at 1ts rear end away from
said leading edge, to a pressurized hot air circuit and,
at 1ts front end toward said leading edge, to an 1njector
injecting said pressurized hot air into said internal
chamber,

said airtight connection device being designed to connect
said pipe to said 1njector, 1s noteworthy 1n that it consists of
a ball joint allowing variations i1n the longitudinal and
angular positions of said pipe with respect to said injector.
Thus, as said connection device 1s no longer rigid, it 1s no
longer necessary to ensure perfect alignment between the
pipe and the injector, and the mechanical stresses are
avoided.
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In an advantageous embodiment, said connection device
COmMPrises:

a cylindrical chamber, open at both ends and secured to

said 1njector at 1its front end; and

a hollow ball, secured to the front end of said pipe and

tightly fitted 1nto said cylindrical chamber through the
rear end thereof.

It can be seen that 1n this way the front end of said pipe
and said hollow ball can pivot and be translated axially with
respect to said cylindrical chamber and to said injector, in
order to accept the tolerances, the thermal expansions, the
relative moments and the structural deformations. It will
also be noted that said pipe connects to the injector simply

by being push-fitted into said cylindrical chamber.
In order to ensure good airtightness in the ball joint 1n

accordance with the present invention, while at the same
fime avoiding excessive wear, said joint may additionally
have the following particular features:
the cylindrical internal wall of said chamber, against
which said ball 1s pressed, 1s coated with an antifriction
coating, which may be borne by a ring, preferably
mounted removably in said cylindrical chamber so that
it can be replaced;

the hollow ball may be made of a slightly elastic metallic
material, or alternatively may be made of a rgid
metallic material and bear an elastic external coating.
This elastic coating may hug the exterior surface of said
ball or alternatively be separated therefrom by a
clearance, increasing its elasticity. As an alternative,
said hollow ball may bear a diametral seal cooperating
with the internal wall of said cylindrical chamber;

the hollow ball may form part of a piece, attached to the
front end of said pipe, for example by welding; and

the cylindrical chamber may comprise means for attach-
ing 1t and said 1njector to said internal partition, 1t being,
possible for this attachment to be rigid or alternatively
allow said cylindrical chamber to float longitudinally
with respect to said internal partition.

Furthermore, the present invention relates to an air inlet
cowl for a jet engine, particularly for an aircraft, said air inlet
cowl being equipped with means for deicing its leading edge
and comprising for this purpose:

a hollow leading edge delimiting an internal peripheral
chamber closed by an internal partition and equipped
with at least one orifice placing said internal chamber
In communication with the outside; and

a pipe which can be connected, at 1ts rear end away from
said leading edge, to a pressurized hot air circuit and,
at 1ts front end toward said leading edge, to an injector
injecting said pressurized hot air mto said internal
chamber,

this air inlet cowl being noteworthy in that, in order to
connect said 1njector to said pipe, 1t comprises a connection
device which consists of a ball joint allowing variations in
the longitudinal and angular positions of said pipe with
respect to said imjector.

Of course, this connection device may have all the fea-
tures described hereinabove.

Advantageously, 1n the air inlet cowl 1n accordance with
the present invention, the rear end of said pipe, which can be
connected to said hot air circuit, 1s fixed in position on
another internal partition (or frame) of said cowl. Thus, said
rear end occupies a precise position making it easy to
connect to the hot air circuit secured to the engine. Such
attachment of said end to said other internal partition may be
rigid. It may, as an alternative, allow said rear end of the pipe
to slide longitudinally with respect to said other internal
partition.
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In a particular embodiment, the rear end of said pipe 1s
secured to another attached piece comprising means of
attachment to said other partition and means of connection
to said hot air circuit.

From what has just been described 1t can be seen that, by
virtue of the present invention, there 1s obtained a deicing
circuit for an engine air inlet cowl, the design of which is
practically 1sostatic and eliminates thermal and structural
stresses while being durably airtight to pressurized hot air.
This deicing circuit has only a few parts and its mass and
cost can be optimized. What 1s more, 1t readily adapts to the
tolerances and to the structural deformations of the envi-
ronment.

The figures of the appended drawing will make 1t readily
understood how the 1nvention may be achieved. In these
figures, 1dentical references denote similar elements.

FIG. 1 shows, 1n exploded perspective, an aircraft jet
engine and its various cowlings.

FIG. 2 1s an enlarged radial half section of one embodi-
ment of the air mlet cowl of said engine.

FIGS. 3 to 6 1llustrate four embodiments of the ball-type
connection device 1n accordance with the present invention.

FIGS. 7 and 8 1illustrate two alternative forms of the
connection between the air inlet cowl and the hot air circuit.

FIG. 9 shows an alternative way of attaching the ball-type
connection device to said internal partition.

FIGS. 10 and 11 illustrate two alternative embodiments of
the means of 1njecting hot air into the leading edge of the air
inlet cowl.

The bypass engine 1 depicted diagrammatically in FIG. 1
comprises, 1n the known way, a central hot air generator 2,
a fan 3 and compressor stages 4 and 1s equipped with a
hangar 5 for suspending it from a support mast (not
depicted). Associated with and fixed to the engine 1 are a jet
pipe assembly 6, two lateral cowls 7 and 8 and an air inlet
cowl 9.

As 1s 1llustrated diagrammatically in FIGS. 1 and 2, the air
inlet cowl 9 comprises an internal pipe 10 equipped, at its
rear end 10B facing toward the engine 1, with a connector
clement 11 and at its front end 10A housed 1n the hollow
leading edge 16 of said air inlet cowl, with an injector 12.
Furthermore, arranged on a compressor stage of the engine
1 1s a pressurized hot air tapping 13 which is connected to
a pipe 14 provided, facing the connector element 11 of the
pipe 10, with a complementary connector element 135.

Thus, when the complementary connector elements 11
and 15 are connected together, pressurized hot air tapped at
13 from the engine 1 1s conveyed via the pipes 14 and 10 as
far as the injector 12. The latter can therefore blow this hot
air (arrows in broken line 17) inside the leading edge 16, in
order to deice it. Orifices 18 are made for discharging to the
open air (arrows 19) the hot air which has flowed inside the
leading edge 16.

As shown 1n detail and to a larger scale 1 the radial half
section of FIG. 2, the hollow leading edge 16 1s closed at the
rear end by an internal partition 20 so that an annular
peripheral chamber 21 1s formed 1nside said leading edge 16.
The 1mjector 12 passes through the internal partition 20 and
injects the hot air into the chamber 21, the orifices 18 placing
said chamber 21 1 communication with the outside.

In accordance with the present invention, the connection
between the front end 10A of the pipe 10 and injector 12 1s
achieved by means of a ball joint 22.

The ball joint 22 has an open cylindrical chamber 23 and
a hollow ball 24. The cylindrical chamber 23 1s fixed 1n
airtight fashion to the internal partition 20 and bears the
mjector 12 at its front end 23A. The hollow ball 24 is
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attached to the front end 10A of the pipe 10 and 1s fitted
tightly into said cylindrical chamber 23 through the rear end
23B thereof. Thus, the pressurized hot air passes from the
pipe 10 to the imjector 12 through the hollow ball 24 and the
chamber 23.

In the embodiments depicted in FIGS. 3 to 6, 1t can be
seen that the cylindrical chamber 23 has a cylindrical ring 25
covering the internal surface 23C of said chamber and
bearing an antifriction coating 26, for example one based on
carbon or tungsten carbide, forming the cylindrical bearing
surface for the ball 24. The ring 25 1s advantageously fixed
removably 1n the cylindrical chamber 23, to make 1t casier
to replace.

The hollow ball 24 of the embodiment of FIG. 3 1s made
of a slightly elastic metal, for example 1s made of a stainless
spring steel. Thus, airtightness to the hot air 1s ensured, at the
ball joint 22, by the fact that the ball 24 bears directly against
the antifriction coating 26 of the cylindrical chamber 23.

By contrast, 1n the embodiment of FIG. 4, the ball 24 1s
made of a rigid metallic material, such as the alloy known
commercially by the name INCONEL and which is able to
withstand high temperatures and 1s covered with a spherical
coating 27 made of an elastic metallic material, such as
bronze. In this case, the airtightness to the hot air 1s provided
by the cooperation between the antifriction coating 26 and
the elastic spherical coating 27.

In the alternative embodiment of FIG. 5, the elastic
spherical coating 27, instead of hugging the external shape
of the hollow ball 24, surrounds this ball with a significant
clearance 37. Of course, the elastic spherical coating 27 1s
secured to the hollow ball 24, at 38, at that end of this ball
which faces toward the pipe 10. The elasticity of the coating
27, which may be made of INCONEL, possibly itself
covered with a layer of antifriction material, such as tung-
sten carbide, 1s thus increased.

In the embodiment of FIG. 6, the ball 24 has a diametral
oroove 39 1n which a seal 40, for example made based on
silica, ceramic or glass fibers, cooperating with the antifric-
tion coating 26 of the ring 25, 1s held captive.

At the rear end (see FIG. 7), away from the leading edge
16, the air inlet cowl 9 has another internal partition 28
through which the pipe 10 passes. The latter has a flange 29,
for example secured to the connection element 11, allowing
the rear end 10B of the pipe 10 to be secured to said mternal
partition 28 and ensuring that the connection element 11 1s
held 1n a precise position with respect to the connector
clement 15. The connector elements 11 and 15, coupled in
an airtight manner, may be clamped together by a collar 30.

Furthermore, as depicted in the figures described above, it
will be noted that 1t 1s advantageous for the connector
clement 11 and the ball 24 respectively to form part of pieces
34 and 35, these pieces beimng attached respectively, for
example by welding, to the rear end 10B and front end 10A
of the pipe 10. The flange 29 then preferably forms part of
the piece 34. Likewise, the 1mjector 12 1s advantageously
produced in the form of an individual piece attached, for
example by welding, to the cylindrical chamber 23 of the
ball joint 22. To attach it to the wall 20, this cylindrical
chamber 23 has, for example, a flange 36.

Depicted 1in FIG. 8 15 an alternative form of the attachment
of the piece 34 to the internal partition 28. In this alternative
form, a sliding bearing 41 between the rear end 10B of the
pipe 10 and said internal partition 28 1s provided. Thus, the
internal partition 28 can radially hold said rear end 10B by
means of said bearing 41 which, 1n addition, allows this rear
end to slide longitudinally. The bearing 41 therefore allows
the degrees of freedom offered to the pipe 10 by the ball joint
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22 to be put to good use to accept the thermal expansions of
the pipe 14 without this causing said partition 28 to be
stressed.

In a way which 1s similar to the description given here-
inabove with respect to the rear end 10B of the pipe 10, 1t
1s possible for the cylindrical chamber 23 to be mounted
with longitudinal float so as to eliminate, or at the very least
reduce, the longitudinal stresses (with respect to the pipe 10)
exerted on the 1nternal wall 20. FIG. 9 depicts such a device
for attachment with a longitudinal degree of freedom, which
can be used as an alternative to the one depicted 1n FIGS. 2
o 6.

In the device of FIG. 9, the internal partition 20 comprises
a calibrated cylindrical part 42 (for example made of a metal
piece attached to said internal partition 20), in which is
mounted a sealing piston 43, secured to the front part 23A
of the chamber 23, for example using a collar 44 which traps
the piston 43 between 1t and the flange 36. The collar 44 may
be welded at 45 to the part 23A and may be made of a spring
steel. The sealing piston 43 may be made up of one or more
rings made of beryllium bronze or of INCONEL.

In FIGS. 1 and 2, the injector 12 has been depicted 1n the
form of a simple bent pipe. It goes without saying that such
an 1njector may be embodied in numerous ways. By way of
example, 1n FIGS. 10 and 11, there have been depicted an
injector 12 comprising a number of injection nozzles 31

(FIG. 10) and another injector 12 comprising a ring 32 of
orifices 33 (FIG. 11).

What 1s claimed 1s:

1. A combination of an air inlet cowl (9) of a jet engine
(1) of an aircraft and a connection device (22) that is airtight
to pressurized hot air, for said air inlet cowl (9), said air inlet
cowl (9) being equipped with means for deicing its leading
edge (16) and comprising for this purpose:

a hollow leading edge (16) delimiting an internal periph-
eral chamber (21) closed by an internal partition (20)
and equipped with at least one orifice (18) placing said
internal chamber (21) in communication with the out-
side; and

a pipe (10) which has a front end (10A) and a rear end

(10B), and which can be connected, at its rear end
(10B) away from said leading edge (16), to a pressur-
ized hot air circuit (14) and, at its front end (10A)
toward said leading edge (16), to an injector (12)

injecting said pressurized hot air into said internal
chamber (21),
said airtight connection device (22) being designed to con-

nect said pipe (10) to said injector (12) and comprising:
a cylindrical chamber (23) which has an open front end
(23A) and an open rear end (23B), and which is secured
to said injector (12) at its front end (23A); and

a hollow ball (24), secured to the front end (10A) of said
pipe (10) and tightly fitted into said cylindrical chamber
(23) through the rear end (23B) thereof;
said connection device forming a ball joint (22) allowing
variations 1n the longitudinal and angular positions of said
pipe (10) with respect to said injector (12).

2. The combination as claimed i claim 1, wherein the
cylindrical in-ernal wall (23C) of said chamber (23), against
which said ball 1s pressed, 1s coated with an anfifriction
coating (26).

3. The combination as claimed 1n claim 2, wherein said
antifriction coating (26) is borne by a ring (25) mounted
removably in said cylindrical chamber (23).

4. The combination as claimed 1n claim 1, wherein said
ball (24) is made of a slightly elastic metallic material.

5. The combination as claimed i1n claim 1, wherein said
ball (24) 1s made of a rigid metallic material and bears an
elastic external coating (27).
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6. The correction as claimed 1n claim §, wherein said
external coating (27) hugs the exterior surface of said ball
(24).

7. The combination as claimed 1n claim S, wherein said
external coating (27) secured to said ball (24) is separated
from the exterior surface thereof by a clearance (37).

8. The combination as claimed 1n claim 1, wherein said
ball (24) bears a diametral seal (40) cooperating with the
internal wall (23C) of said chamber (23).

9. The combination as claimed 1n claim 1, wherein said
hollow ball (24) forms part of a piece (35), attached to the
front end (10A) of said pipe (10).

10. The combination as claimed 1n claim 1, wherein said
cylindrical chamber (23) comprises means (36, 42, 43, 44)
for attaching it and said injector (12) to said internal partition
(20).

11. The combination as claimed 1n claim 10, wherein the
attachment of said cylindrical chamber (23) to said internal
partition (20) 1s rigid.

12. The combination as claimed 1n claim 10, wherein the
cylindrical chamber (23) 1s mounted with longitudinal float
with respect to said internal partition (20).

13. An air inlet cowl (9) for a jet engine (1) of an aircraft,
said air inlet cowl (9) being equipped with means for deicing
its leading edge (16) and comprising for this purpose:

a hollow leading edge (16) delimiting an internal periph-
eral chamber (21) closed by an internal partition (20)
and equipped with at least one orifice (18) placing said
internal chamber (21) in communication with the out-
side; and

a pipe (10) which has front end (10A) and a rear end
(10B), and which can be connected, at its rear end
(10B) away from said leading edge (16), to a pressur-
ized hot air circuit (14) and, at its front end (10A)
toward said leading edge (16), to an injector (12)
injecting said pressurized hot air into said internal
chamber (21),

wherein, in order to connect said injector (12) to said pipe
(10), this cowl comprises a connection device which con-
sists of a ball joint (22) allowing variations in the longitu-
dinal and angular positions of said pipe (10) with respect to
said injector (12) and which comprises:

a cylindrical chamber (23) which has an open front end

(23A) and an open rear end (23B), and which is secured
to said injector (12) at its front end (23A); and

a hollow ball (24), secured to the front end (10A) of said
pipe (10) and tightly fitted into said cylindrical chamber
(23) through the rear end (23B) thereof.

14. The air mnlet cowl (9) as claimed in claim 13, wherein
the rear end (10B) of said pipe (10) which can be connected
to said hot air circuit (14) is fixed in position on another
internal partition (28) of said cowl.

15. The air mlet cowl (9) as claimed in claim 14, wherein
said rear end (10B) of the pipe (10) 1s fixed rigidly to said
other internal partition (28).

16. The air inlet cowl (9) as claimed in claim 14, wherein
said rear end (10B) of the pipe (10) is fixed in such a way
that 1t can slide longitudinally with respect to said other
internal partition (28).

17. The air inlet cowl (9) as claimed in claim 14, wherein
said rear end (10B) of said pipe (10) is secured to another
attached piece (34) comprising means (29, 41) of attachment
to said other internal partition (28) and means (11) of
connection to said hot air circuit (14).
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